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ABSTRACT 


While it has been demonstrated that aversively stimulated 
animals may attack taroaets which are only minimally associated with 
the aversive stimulus (Azrin, Hutchinson, & McLauchlin, 1965; Cole 
& Parker, 1971), the effects on agoression of strona tarcet-aversive 
Stimulus associations have not been adequately researched. The 
present study investiaated the notion that rats would show a hiaher 
rate of shock-induced aaaression toward a taroet with a scent that 
had been previously conditioned as an excitatory stimulus for shock 
as onnosed to a taraet with a scent that had been previously condi- 
tioned as an inhibitory stimulus for shock. This hynothesis is 
related to a classical conditionina interpretation of causal attri- 
butions in animals (Testa, 1974). Also investiaated were two ancil- 
lary hypotheses that rats would reliably attack inanimate stuffed- 
rat taraets, and that attacks toward such taraets would decrease 
across sessions. Althouch the two ancillary hypotheses were supnort- 
ed, the major hypothesis was not. Results are discussed and inter- 


preted with sucaestions aiven for further research. 
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Introduction 

Aversive stimulation can motivate certain species of animals to 
exhibit agonistic behaviors toward available targets (e.g. Ulrich & 
Azrin, 1962). It has been assumed that such pain-induced aggression is 
of a nondiscriminating nature, such that the stimulated animal is equally 
likely to attack any suitable target within range (e.g., Azrin, 1967). 
The purpose of the present study was to test an alternative hypothesis 
that pain-induced attack is more likely to be directed toward targets 
which have some degree of close association, or causal relationship, with 
the aversive stimulation. 

The pain-induced aggression phenomenon was first noted by 0'Kelley 
and Steckle in the late 1930s. While attempting to investigate certain 
effects of electric shock delivered to groups of rats, they incidentally 
discovered that electrical stimulation of the animals en masse resulted 
in their engaging each other in vigorous and persistent fighting. Some 
Subsequent research was done on the phenomenon, and the results were 
published in a short article (O'Kelley & Steckle, 1939). In the 
following years, however, pain-induced aggression received only minor 
attention in the literature (Daniel, 1943; Miller, 1948), and it was not 
until the 1960s that the phenomenon was rediscovered during an attempt 
to negatively reinforce rats to engage in approach behaviors. Azrin 
(1967, p.116) reported that the intended procedure involved shocking the 
animals until they approached each other at which point the shock would 
be turned off. But, like O0'Kelley and Steckle, the researchers soon found 
that the shock stimulation created violent fighting which persistently 


disrupted their plans. However, in the spirit of Skinner's first principle 
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of scientific methodology, i.e., "When you run onto something interesting, 
drop everything else and study it" (Skinner, 1956, p.223), they abandoned 
their original study and embarked upon the first thorough investigation 
of the pain-aggression phenomenon. Their first article (Ulrich & Azrin, 
1962) marked the cornerstone for all subsequent research in the area. 

During the intervening years, a number of articles have been published 
concerning aggression induced by physically painful stimulation. Shock 
induction of fighting between paired live rats is still the most common 
procedure (e.g., Farris, Gideon, & Ulrich, 1970; Lyon & Azolins, 1970; 
Tondat, 1974; Ulrich & Azrin, 1962). However, other pain-induction 
methods, such as tail-pinching (e.g., Azrin, Hake, & Hutchinson, 1965) 
and heat (Ulrich & Azrin, 1962), have been employed. The range of 
species studied has included ground squirrels (Turner, Boice, & Powers, 
1973), squirrel monkeys (e.g., Azrin, Hutchinson, & McLaughlin, 1965), 
and even turtles and snakes (Azrin, 1967). 

An interesting variant of aggression induced by physically aversive 
stimulation is aggression produced by frustrating, i.e., "psychologically" 
aversive, stimulation. Azrin, Hutchinson, and Hake (1966) provoked 
food-deprived pigeons to attack a nearby restrained target bird by 
extinction of intermittent food rewards. Such aggression has also been 
induced by increasing time intervals between food presentations (Flory, 
1969), and by making food contingent upon difficult schedules of operant 
responding (Cherek & Pickens, 1970). As with the above research, the 
majority of frustration-induced aggression studies have employed pigeons 
as subjects but the effect has also been demonstrated with domestic fowl 
(e.g., Duncan & Wood-Gush, 1971) and rats (e.g., Gallup, 1965). 


It has been assumed by some researchers that aversive stimulation 
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produces a seneral tendency to behave aoaressively. For example, 
Scott (1958) contends that pain acts as a primary stimulus for 
attack. Similarly, Azrin (1967) states that, "...under the stimulus 
of pain, animals will attack and try to destroy almost any ‘attackable' 
object in the environment....regardless of its attributes" (p. 118). 
Azrin further reasoned that this response tendency is naturally 
adaptive: "From the standpoint of evolution, pain-pnrovoked aaaression 
seems to have survival value, since it causes the animal to react 
instantly and viaorously to noxious events - and in a way that is 
likely to terminate them" (p. 121). 

There is some evidence to support the notion that a aeneral acares- 
Sive tendency does result from aversive stimulation. In one exneriment, 
Squirrel monkeys were provided with a chain-pullina response which 
introduced a tennis ball into their chamber. When the monkeys were 
Shocked, they consistently pulled the chain and attacked the ball when 
it appeared. In the absence of shock, little chain-pullina occurred 
(Azrin, Hutchinson, & McLauchlin, 1965). In another exneriment, pigeons, 
who were enaaaed in a difficult and presumably frustratina schedule of 
operant respondina, learned to peck a key to aain access to and attack 
a restrained taraet bird (Cole & Parker, 1971). In both examples, the 
animals souaht out and attacked taraets which had only minimal associa- 
tions with the aversive event. It is difficult to construe any motive 
for the subjects' behavior other than the act of acaression, in and 
of itself. 

On the basis of the above studies, it seems reasonable to conclude 
that, at least in some instances, aversive stimulation may motivate 
animals to attack taraets that have little association with the aversive 


event. However, the question remains whether the course of acaression 


2 alia 7 


, 
in « 


RY 5 a 
lat! wiht LED em ee ek ak ata Wah 
| dk et ae gi 
«Wparon le ain ei i ars pre eg a i + ¥ : oA 
Pe fee aT ke rh es 

7 iPr Pe ie ‘oe ‘ange a) 

sete Gy Sales! 88 sere the | 
ips nina a 


iP te ee A OT i oon i 
oe 


i ; 7 
Be , oo - . 
, J raerh yende, oon’ ai ANON rats ¥ reer: , 
VS 

No Tere anesthe Aan! ii" 6 hata, | 
ao | 


A 


42018 Ce 4p © Fark MAP tMv.g0! tay 


mine ewer’ pg,” ede Aa U7 A, 
ire aed Ore DaEREO ee ieee es .aiir we 
Sayyuse only iagee fort Winans 
. Muar te SHON eHeti Sagene BL aeRT Vr fi ni : 
iy. sf ule savtdeisaiest bambi, baie nik svat WF Wee 
“Yaar Se oe eee a re se 
ag . dal Qrante areaia LTRST , Peden a hl bie 
<¢hoctes Trent iW ok te, Paha’ s agg rity 


- 


- : ) — ‘ | i. ae ‘ « ) ¢ : . 
’ D hi rn he y 
; ne iz on 7 - O ; ty N, 
- ‘ ’ ‘ ; ,* a ee Ww 
! ; if > 2a He" ron mi ‘ i Ss 


= ; ‘ 
laps . ey ita 
Ly! ’ ; } u ib ] 


can be influenced by the presence of a tarcet that is stronaly 
associated with the aversive event. More specifically, it has been 
antnropomorphically speculated by some researchers that aversively 
motivated attack is often influenced by the nercention of a "causal 
relationshin" between the taraet and the aversive stimulation. O'Kelley 
and Steckle (1939) conjectured that a process of "projection" may be 
occurring during the shock stimulation. In other words, the stimulated 
rat attacks the other rat because it perceives that rat as being the 
cause of its pain. Similarly, Dollard, Doob, Miller, Mowrer, and Sears 
(1939) hypothesized that a frustrated orcanism will tend to attack "the 
agent perceived to be the source of frustration" (p.39). 

Of direct relevance for the analysis of acaression, both human and 
animal, some researchers have recently attempted to relate perception 
of causality to the classical conditionina paradiam. For example, 
Leaer and Rule (Note 1) have argued that causal attributions play a 
major role in classical conditionina effects on human aaaression. The 
dearee to which an attacker becomes a conditioned stimulus (CS) for an 
aversive assault, is determined by the dearee to which resnonsibility for 
the assault is attributed to the attacker or to environmental influences. 

In the realm of animal learnina (thouch not specifically dealina 
with aaoressive behaviors), Testa (1974) has araued that enhancina 
the relationship between the CS and the unconditioned stimulus (UCS) 
facilitates the classical conditionino process, and he related this 
findina to the acquisition of causal relationships by animals. More 
specifically, he postulated the existence of "nonspecific associative 
mechanisms" which are activated by forms of “event covariance’. Event 


covariance is viewed as the definina characteristic of mechanical 
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5 
causality where one event is nerceived as cause because it consistently 
and reliably covaries with a subsequent event--the effect. By means 
of the nonspecific associative mechanism, the oraanism will condition 
more readily when the CS and UCS covary to a hioh dearee, i.e., when 
the two events apnroach a mechanical cause and effect relationship. 

Testa (1975) supported his araument by demonstratina instances of 
conditionina that were enhanced by increasina the similarity between 
the spatial locations and/or temporal intensity patterns of the CS and 
the aversive UCS. For example, rats conditioned more readily to a light 
CS when it had the same spatial orientation as an air blast UCS, i.e., 
when both events oriainated from the floor or ceilina. In addition, con- 
ditionina was facilitated when licht and air blast had the same temnoral 
natternina, e.a., pulsed natterns. Testa (1974) has stated, however, 
that even the traditional conditionina procedure, involving simple tempor- 
al vairing of CS and UCS, can be interpreted within a causal relationship 
framework. In other words, "temporal contiauity and/or continaencies 
define two of the characteristics of mechanical causality..."while... 
Similar location and temporal intensity patterns define two more" (p.494). 
Finally, while Testa dealt mostly with conditioned suppression and 
avoidance learning, it is implicit within his analysis that his formu- 
lation is applicable to other types of conditionable phenomena. 

The purpose of the present study was to extend Testa's formulation 
to the analysis of aversively stimulated aaoression in animals--more 
specifically, shock-induced aggression in rats. It was hypothesized 
that the aversively stimulated rat demonstrates a higher attack rate 
toward that taraet most closely associated with the aversive event, 


j.e., which most reliably covaries with that event in a CS-UCS 
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6 
relationship, as onposed to less closely associated taraets. Such a 
response tendency would seem naturally adaptive for an animal's survival 
Since, in at least the natural environment, that which most reliably 
covaries with and predicts aversive stimulation would most likely be the 
cause of such stimulation. Thus, while concurrina with Azrin that pain- 
induced agaression probably has functional utility in removing the cause 
of the aversive stimulation, the present formulation is more snecific by 
predicting that the causal aacent will be the preferred tarcet. The pain- 
provoked animal is thereby endowed with a areater defensive efficiency 
than if it simply enagaaed in nondiscriminative aaaression. 

The present hypothesis actually consists of a reformulation of the 
aforementioned speculations by Dollard, et al., and O'Kelley and Steckle. 
However, rather than attempting to deal with mentalistic notions of 
perceived causal relationships between taraets and aversive events, it 
is instead nostulated that a taraet is attacked because it may be 
functioning as a CS. for the aversive UCS. This latter proposition is 
not only devoid of unnecessary anthropormorphism, but can also be 
investigated experimentally. 

Ancillary to the main issue, the present study also tested the 
proposition that an oraanism can function as a CS. This notion has, to 
date, received little attention. Timberlake and Grant (1975), in an 
autoshanina study with rats, used delivery of another rat into the chamber 
as a CS for food delivery. Reiter and de Vellis (1976) used a human 
Stimulus as a CS to produce conditioned supnression in other humans. 
Insofar as the nossibility that an oraanism can function as a CS is cru- 
cial in attempting to apply classical conditionino to a aeneral analysis 


of aaaression, the present study attemnted to replicate the above positive 
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results within the context of aggressive behaviors. 

Finally, because this study employed a unique procedural variant 
of the shock-induced aggression paradigm, it permitted certain empirical 
coniparisons with results of studies utilizing the more traditional 
procedure. For example, since models made from stuffed rat-skins were 
employed as targets in this study, it directly challenged the findings 
of Ulrich and Azrin (1962) that shocked rats will not attack inanimate 
targets. Further, within this procedural variant, the present study 
tested the generally accepted finding that shock-induced aggression is 
highly persistent across repeated stimulations. Ulrich and Azrin as 
well as Ulrich and Craine (1964) reported such persistence, but both 
of these studies employed paired live rats as combatants. Insofar as the 
present study employed inanimate targets, it removed the possibility of 
a confounding influence, upon the rate of aggression, of aversive 
stimulation from a retaliating adversary as opposed to shock stimulation 
alone. On the basis of pilot data, it was hypothesized that, with 
inanimate targets, a significant across session decrease in rate of 
aggression would occur. 
Design Overview 

The experiment constituted a split-plot design with repeated measures 
and consisted of two distinct phases: a training phase and a test phase. 
The training phase was, essentially, a classical conditioning procedure. 
Subject animals were conditioned to each of two distinctive olfactory 
stimuli, i.e., scents. One scent was paired with shock sessions to become 
a conditioned excitatory stimulus (CS+), while the other scent was paired 
with nonshock sessions to become a conditioned inhibitory stimulus (CS-). 


The scents were counterbalanced over two groups to each of which subjects 


areuibindg? wing se Aside 
qouhe Pratarar wey atid yey 1m | 


a? noherarger. begulnl«tjuile 
Rk a ee eee 


Ayod tol) obtbdete a nso4 aed | 


nf) 20 ta?pen! PaaS 078 way on | where osetia 
ty 211 “dhadng an? ig deen 3 ees vray ‘teeeyin | ; 
nit ried Tay ara ROG ae he Hanh yal onan Gar 
forse’ 2a deh on b aicuite di yet e st papa? aber s amahDe 
tile ,9n) but Rael carat . art, + | 
‘© asan ar orng oul Ag! voor ery ‘ 
, 
aaA2son Deteonen Jeosa ful qeltye 5) 2 ,. 


tai P29). « ee ee ia 
of fy 


when on notgiewbea 


were randomly assigned. Repeated measures of various indices of 
conditioning were taken across CS+ and CS- sessions for each subject. 
These indices consisted of drinking rate, grooming rate, and rate of 
defecation. 

When the subjects had demonstrated a significant degree of 
conditioning to the scent stimuli, the test phase was entered. In this 
phase, subjects were simultaneously presented with two targets. The 
conditioned scents had been applied to these targets such that, for each 
Subject, one target was scented with the CS+ while the other was scented 
with the CS-. (These target conditions will be referred to as T+ and T- 
respectively.) Aggressive responses to T+ and T- were recorded both 
within and across sessions. For purposes of analysis, the within session 
factor consisted of half session blocks of trials, and was included 
insofar as it was felt that whatever discriminative attacking may occur 


might extinguish early within sessions. 
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Method 

Subjects 

The subjects were 18 Lono-Evan's strain male hooded rats. They 
were 220 days old when the experiment commenced, and were chosen from 
a colony of rats that had been individually caced from 34 days of ace. 
Each subject had been handled at least once per week un to the 
commencement of the experiment. 
Anvaratus 

The experimental chamber consisted of a modified Grason-Stadler 
rat station, model E3125C-100. It measured 9" wide x 11 3/4" in lenath 
x 8" high from arid floor to ceilina. A downward extension added to 
the ceilina (see Illustrations 1 and 2) effectively lowered much of the 
chamber's interior heicht to 7". The front and back walls as well as 
the ton (includina the downward extension) were constructed of clear 
plexialass enabling an unobstructed view of the interior. The chamber's 
remaining two walls were metal. The arid floor was constructed of 
18 3/16" diameter, stainless steel rods snaced 3/8" apart. Scrambled 
electric shock could be delivered throuch these arids as well as 
throuch the chamber's two metal walls. 

Illustration 1 denicts the chamber as used for the trainino phase. 
The back wall was 3/8" thick and contained a circular aperture, the 
center of which was 1 3/4" from the arid floor. The anrerture was 
bevelled from an interior diameter of 1 1/4" to an exterior diameter 
of 1". The rat, by placina his nose into the aperture, was able to 
reach a steel spout from which .4% saccharine solution could be attain- 
ed. [This intensity of saccharine solution has proven effective in 


elicitina high rates of drinking in water-deprived rats (Wood, Note 2).] 
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1] 
Photocells were placed in holders on the exterior side of the wall and 
positioned on either ste of the aperture. When a rat placed his nose 
into the aperture to drink, he effectively broke the photocell beam. 
Electronic clock-counters automatically recorded the total time per 
session that the beam was broken. Similar timers, activated manually 
by depressina a microswitch, were used to record observations of the 
total time per session that each subject aroomed. 

Illustration 2 depicts the chamber as remodified for the test 
phase. The back wall was replaced with a solid panel of plexialass. 
The two taroet models were placed in the riaht and left back corners, 
and were positioned to approximately face the front-centre area of the 
chamber. Directly in front of each taraet was a caqe-like arrangement 
consistina of six arids risina vertically from a small plexiaqlass base 
attached to the floor orids in such manner that each cace orid was in 
contact with a correspondina floor arid. This arrangement enabled shock 
to pass throuah the caae arids as well as throuach the floor arids. 

Two of the cage arids were bent and their height allowed the target's 
head and upper torso to extend out of the caae. The four other caae 
arids were embedded in another plexialass holder at ceilina height. 
The whole arrangement was designed to prevent subjects from escapina 
shock stimulation by getting behind and/or climbing on top of the 
nonconducting taraet. 

The experimental chamber was enclosed in a Lehiah Valley sound- 
attenuatina shell with interior dimensions of 28" x 28" x 31 1/2" 
high. A 100 watt incandescent lamp was used to liaht the interior. 


The shell's one-way observation window allowed an unobstructed view of 
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3 
the chamber inside. White noise of 68 db intensity was delivered to 
the shell's interior to further mask extraneous noise. 

A BRS shock aenerator-scrambler, model SGS-003, was used to deliver 
the scrambled shock stimulus. The delivery of the intermittent shock 
stimulation was controlled and timed by Grason-Stadler and Lehigh 
Valley timina equipment. 

For test sessions, an Esterline-Anaus multi-event recorder, the 
pins of which could be activated manually by depressina microswitches, 
was used to record the observations of aaaressive behavior. 

Scent stimuli consisted of Heinz brand white vineaar and 50% Pine- 
Sol solution. | A fine mist spray applicator was used to apply the 
scent treatments. 

Taraets were made from study-skins of recently terminated male 
hooded rats. Torso stuffina consisted of cotton batton wrapped tiaht- 
ly around a 7" stick, which served as a support to keep the taraet 
erect when placed upright. Wire slipped into the front and back leas 
enabled these appendaces to be manipulated. Taraet heads were stuffed 
with cotton batton, and the mouths were sewn shut. The taraets were 
desianed and positioned in the chamber to look as much as possible like 


live rats standing upright with front leqs extended. This position is 


‘These scents are discriminable from each other for humans, and it was 
assumed they would be even more discriminable for rats since it has 

been shown that rats are sensitive to variations in olfactory stimula- 
tion (e.g., Pierson, 1974). Of particular relevance to this experi- 
ment, Tondat (1974), in a study dealina with the learned helplessness 
effects of repeated shock stimulation on later shock-induced aggression, 
used pine-sol solution as a CS to predict the occurrence or nonoccur- 
rence of the shock UCS. Finally, it has also been shown that the 
frequency of agonistic behavior in rodents can be directly influenced 
by variations and alterations in the natural scent of the target animal 
(e.0., Barnett, 1963; Muaford & Nowell, 1971; Myer, 1964; Ropartz, 1968). 
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14 
an approximation of the stereotyped fiahtina posture which previous 
researchers (e.a., Ulrich & Azrin, 1962) have noted to be character- 
istic of shock-induced agaression in rats. 

Procedure 
General Procedure: 

Throughout the course of the exneriment, subjects were on a 
23 1/2 hour water deprivation schedule, receivina 1/2 hour of access 
to water ver day in addition to any such access provided durina sessions. 
Each subject received one session per day, and all subjects received 
the same type of session, e.g., CS+ or CS- durina the trainina phase, 
on any particular fey 6 The first nine subjects (Group 1) were run 
in the morning, while the last nine (Groun 2) were run in the afternoon. 
Subjects within each aroun were run in three sets of three subjects 
each. There was approximately a 20 minute break between each set of 
sessions. Immediately precedina each set, reaardless of whether sub- 
jects were or were not beina shocked that day, "buffer" rats were 
shocked. This ensured that excretory scent in the chamber was, to 
some extent, constant throughout all sessions, since buffer rat excre- 
tions would tend to mask any across session variations in excretory 
scent from precedina subjects. Subject variations may have correlated 
with whether CS+ or CS- sessions were beina aiven on a particular day, 


thereby possibly interferina with, and attenuatina conditioning to, 


ert has been shown that conditionina can occur despite lona delays 
between stimulus presentations. Baker (1977) successfully achieved 
conditioned inhibition in rats by uSina a 24-hour delay between CS 
and UCS presentations. 
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15 
the intended scent stimuli. To further reduce such a nossibility, 
following each session, the paper towels linino the bottom tray were 
replaced, and the chamber itself was washed, dried, and aired. 

Trainina Procedure: 

Training commenced with a series of consecutive non-shock sessions 
to allow subjects to adant to the experimental chamber. Neither of the 
scent stimuli to be conditioned was present durino these sessions. 
Dearee of adaptation was determined on the basis of the total amount 
of time per session that each subject encaaed in drinking the available 
Saccharine solution. After 16 sessions, drinkina rates had stabilized 
at a relatively high level, and the conditionina sessions were begun. 

Conditionina involved exposina subjects to CS+ sessions inter- 
Spersed with CS- sessions. Precedina each session, the appropriate 
scent stimulus was apnlied to the napner towels used to line the bottom 
tray. The scent was sprayed evenly over the surface of the paner until 
it was fairly damp, and an attempt was made to ensure relative consisten- 
cy of stimulus intensity across sessions. The scent stimuli were counter- 
balanced between aroups such that, for Group 1, vineaar served as the 
CS+ and pine-sol served as the CS-, whereas, for Group 2, pine-sol 
served as the CS+ and vinegar served as the CS-. 

Al1 sessions commenced with a 5 minute CS presentation. For CS- 
sessions, the subject was removed from the chamber following the 5 
minute exposure period. For CSt+ sessions, the exnosure period was 
immediately followed by the UCS, consistina of 10 scrambled shocks of 
.5 sec duration and 2.0 ma intensity with an intertrial interval of 2 
seconds. 


Approximately twice as many CS- sessions than CS+ sessions were 
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16 
conducted. Pilot data had indicated the nossibility of a severe laq 
in CS- as opposed to CS+ conditionina, and it was hoped that the extra 
CS- presentations would compensate for such an effect. 

Conditionina beaan with a CS+ session followed by two CS- ses- 
sions. This was followed by three sets of three CS+ and six CS- ses- 
Sions each. With each set, the CS+ and CS- sessions were partially 
randomized, the constraints beina that there could be no more than two 
consecutive CS+ sessions nor 3 consecutive CS- sessions. However, 
because the final set ended with three consecutive CS- sessions, an 
extra CSt+ session was added to facilitate determination of conditionine 
level by comparison of this session with the session preceding it. The 
final set, therefore, essentially consisted of six CS- and four CS+ 


sessions. 


Three denendent measures were utilized to index level of condition- 


ina: 

1. Drinkina Rate: This measure consisted of the total time per session 
that each subject engaged in consumption of the saccharine solution 
durina the CS period. 

2. Groomino Rate: Observations were recorded of the total time per 
session that subjects aroomed durina the CS period. 

3. Defecation Rate: This measure consisted of the number of separate 
boli per session that each subject defecated during the CS period. 
To ensure equal observational conditions between CS+ and CS- 
sessions, only those boli which could be viewed from the observa- 
tion window were counted. 

Only for the last set of conditionina sessions were accurate 


observations made of aroomina and defecation behaviors. The test phase 
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17 
was entered wnen these two measures had indicated that subjects had 
discriminatively conditioned to the CS+ and CS-. 

Test Procedure: 

The test phase involved shockina subjects in the presence of the 
T+ and T- targets, and recordina the occurrence of acaressive behavior 
as well as the taraet toward which such behaviors were directed. Each 
subject was given a total of four test sessions at one session per day. 

Taraets were positioned in the chamber as described in the appara- 
tus section. The taraets were sprayed with the appropriate scents, 
and following each set of three subjects the scent was reapplied. The 
nositions of the T+ and T- taraets were alternated each test day, as 
well as beina counterbalanced between aroups. After the first two 
days of testina, a new pair of taraets was used as the oriainal pair 
had incurred considerable damaae. 

Each session commenced with a one minute nonshock period to allow 
subjects some opportunity to localize the scented taroets. This was 
followed by 50 scrambled shocks of .5 sec duration and 5.0 ma intensity, 
with an intertrial interval of 2 seconds. It should be noted that on 
the first test day, subjects did not seem as reactive as pilot testing 
had indicated they would be to the 5 ma shock. It was determined that 
the presence of the targets had increased the amount of resistance in 
the chamber, thereby attenuatina the shock intensity subjects received. 
Tape and cardboard were then used to minimize the amount of contact 
between the taraets and the chamber's orids and steel walls. This 
appeared to alleviate the problem for the remainder of testina. 

An observer who was blind as to which taraet was T+ or T- record- 


ed number of attacks and postures to each taraet. An attack was defined 
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18 
as a Subject contactina a target by bitina it or strikina at it with 
extended forenaws. The attempt was made to eliminate contact that 
occurred because of the subject's random thrashina about during shock 
Stimulation. A nosture was recorded when the subject did not make 
aggressive contact with the taraet, but it appeared as thouah an attack 
was about to occur, i.e., the subject stood on hind leas facing the 
target with mouth open as thouch about to bite. As a reliability 
check, an extra (but nonblind) observer independently recorded agares- 
Sive behaviors for six randomly selected sessions each day. 

Animal Welfare 

The present research was presented to and approved by the Bioscience 
Animal Policy Committee. The shock parameters chosen match those re- 
norted in other pain-agaression studies with rats, and have been found 
relatively safe for the animals involved. Further, subject rats were 
weiahed intermittently to ensure that the experimental manipnulations 
were not havina adverse physiological effects as evidenced by severe 
weicht loss. No such evidence was found durina the course of the 


experiment. 
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Results 

Training Phase 

1. Drinkina Rate: By the 16th day of adaptation, the mean drinking 
rate per subject was 251 seconds out of a total possible of 390 
seconds (5 minutes) per session. For the session following the 
first CS+ session, the mean had decreased to 19 seconds per sub- 
ject. By the ninth session of conditionina, the drinking rate was 
essentially nil, and it remained at this level for the remainder 
of both CS+ and CS- sessions. Because drinkina behavior did not 
recover, observations of grooming and defecation behavior were 
undertaken for the last set of conditionina sessions. 

2. Grooming Rate: For the last set of conditionino sessions, aroomina 
was not displayed in the presence of the CS+, but it was displayed, 
by 7 of the 18 subjects, in the presence of the CS-. Six of these 
"groomers" were in Group 2, and they accounted for 98% of the total 
523 seconds of aroomina observed. Durino the last CS- session of 
the set, these six subjects qroomed for an average of 19.7 seconds 
per subject with a range of 2.4 to 34.3 seconds. Subject #8 of 
Group 1 groomed for a total of 9.1 seconds for the first two CS- 
sessions of the set, but this behavior then ceased for the rest 
of the conditionina sessions. 

3. Defecation Rate: (To facilitate analysis, two of the intermediate 
CS- sessions were randomly eliminated to attain equality between 
treatment cells. The first and last CS- sessions were retained 
to ensure adequate representation and comparison of rates at the 
start and the end of the set.) Subjects defecated more boli in 


the presence of the CS- (M=4.07) than in the presence of the CS+ 
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(M=2.86). This difference was significant, F(1,16)=8.29, p¢.025. 
In addition, Group 2 defecated sianificantly less boli than Group 1 
(Ms=2.85 versus 4.08: F(1,16)=9.45, p<.01). 

Test Phase 

Three subjects from Group 1 and one subject from Groun 2 displayed 
no aaaression toward the targets durinc any of the test sessions. These 
Subjects were eliminated from further analysis. 

Analysis of the data for reliability sessions revealed that the 
two observers were in approximately 70% aoreement concernina occurrence 
(and 94% agreement concerning nonoccurrence) of attacks, but 0% agree- 
ment concernina occurrence of pvostures. Reliability for attack data 
was considered adequate, but posture data was not included in any of 
the followina analyses. 

Attack data was subjected to a reciprocal transformation (1/x+1) 
to remove mean-variance denendency (Kirk, 1968). This transformed 
data was used in all of the following computations, tables, and graphs. 

It should here be noted that attacks to the two targets were 
treated as independent rather than denendent. This seemed valid inso- 
far as the occurrence of aggression did not seem to involve the pain- 
fully stimulated animal "choosing" between the two taraets. Rather, 
subjects seemed to agaress only when they had incidentally come unon 
a taraet durina the process of scramblina about the chamber. In other 
words, the situation seemed to amount to random presentations of T+ or 
T- with the possibility of attack dependent upon such presentation. 

The overall analysis of variance revealed a nonsianificant Target 
main effect, i.e., frequency of attacks to T+ versus T-, F<l. Group 


and Half-session main effects were also nonsignificant, Fs<l. However, 
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the Session main effect approached significance, F(3,180)=2.55, o<.10 
(see Figure 1), as did the Group x Taraet x Session interaction, 
F(3,180)=2.36, p<.10 (see Fiaure 2). 

A trend analysis of the Session main effect revealed a sianifi- 
cant Quadratic comnonent, i.e., an increase followed by a decrease in 
rate of attacks, F(1,180)=7.09, p<.01. However, because of the shock 
intensity problems encountered durina the first day of testing, the 
trend effect was reanalyzed for the last three sessions only. It was 
thought that this might yield a more valid indication of the Session 
effect, since shock intensity would be more consistent across these three 
sessions. This reanalysis resulted in a sianificant Sessions effect, 
F(2,180)=3.46, p*.05, with a sianificant Linear comnonent, F(1,180)=5.04, 
n*.025. In other words, across the final three sessions, there was a 
Significant linear decrease in rate of aaaression. 

Using F-tests for Simple Effects, a within analysis of the Group 
x Target x Session interaction disclosed a sianificant Taraet x Session 
interaction for Group 2, F(3,180)=2.73, p<.05. This contained a 
sianificant Taraet x Linear component, F(1,180)=6.40, p¢.025. In 
other words, for Group 2, the across sessions decrease in frequency of 
attacks to T+ differed significantly from the across sessions increase 
in frequency of attacks to T-. 

Finally, a Duncan's Multiple Range Test was carried out on the 
means for the Taraet x Session x Half-session interaction since it 
seemed possible that if a Taraet effect did exist, it may have extinauish- 
ed early within the first one or two sessions. Only one meaningful 
comparison approached sianificance, that being the areater frequency 


of attacks to T+ than to T- for the first half of the first session, 
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Fiaure 1: Session Main Effect (data transformed 1/xt+1) 
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ps.10 (see Table 1). A similar analysis of the four-way Group x 
Target x Session x Half-session interaction revealed no meaningful 


comparisons even approachina siqnificance. 
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TABREW 


TARGET x SESSION x HALF-SESSION INTERACTION 
(data transformed 1/x+1) 


Session Half-Session ibs ie 
] Ist half 691 7eg3 
2nd half . 886 wOo9 
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Note: Difference between means for the first half of the first 
session approaches significance, p<.10: Duncan's Multiple Ranae 
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26 
Discussion 
Trainina Phase 

While certain measures did indicate that subjects had achieved 
some level of discrimination between the CS+ and CS-, it must be con- 
ceded that conditionina was minimal. More specifically, the fact that 
the drinking response was completely eliminated, and never recovered 
even in the presence of the CS-, indicated that the chamber itself may 
have been functioning as a conditioned aversive stimulus. Another 
possibility is that strona conditionina to the CS+ resulted in generali- 
zation of excitatory conditionina to other strona scents, i.e., the CS-. 
Either way, it seems reasonable to assume that the appetitive drinkina 
response is, to at least a certain extent, dependent on a nonaversive 
environment, a condition which the CS- sessions did not meet. 

At least part of the problem may have been due to a laa in CS- 
conditionina. Because this possibility was foreseen, extra CS- 
presentations were given to prevent it. Although this may not have been 
sufficient, we may assume that continued conditicnina sessions would 
have eventually overcome the problem. However, since it was impossible 
to judae when, or whether, this eventuality would occur, it was decided 
that the test phase should be entered as soon as some evidence of con- 
ditionina to the scents could be demonstrated. The agroomina and defeca- 
tion measures did provide such evidence. 

The grooming measure, which revealed that seven of the subjects 
groomed only durino the CS- as opposed to the CS+, provided evidence 
that at least some subjects were discriminating the two scents. How- 
ever, insofar as six of these subjects were from Group 2, some inter- 


pretation of such a strona group difference is required. Two possible 
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27 
explanations concern the scent counterbalancina between aroups. rer 
Group 1, the CS+ was vinegar while the CS- was pine-sol. For Group 2, 
the opposite combination was used. One possibility is that pine-sol 
as opposed to vineaar in some manner inhibits the arooming response, 
perhaps because pine-sol may be a somewhat aversive scent to the rat. 
Although this explanation is highly sveculative, it implies that the 
aroun difference may not be related to a difference in level of condi- 
tioning. However, another possible explanation is that the croup dif- 
ference occurred because pine-sol can be more effectively conditioned 
as a CS+ than as a CS-, and/or vineaar can be more effectively condi- 
tioned as a CS- than as a CSt+. In other words, there may be some 
Stimulus specificity variable involved, where one stimulus iS more 
easily conditioned as a CS for a certain UCS than is another stimulus. 
This effect has been shown, for example, in taste aversion studies (e.a., 
Revusky & Garcia, 1970). In the present situation, the rats may have 
found the smell of pine-sol more aversive than the smell of vineaar, 
thereby in some way makina it easier to condition the pine-sol as the 
predictor of the aversive shock UCS. Similarly, the less aversive 
vinegar stimulus would more easily have been conditioned as the predictor 
of nonshock. On the basis of this reasonina, it therefore seems possible 
that the qroup difference could be attributed to a higher level of 
discriminative conditionina by Group 2 than Group 1. 

The defecation measure also indicated that subjects were capable 
of discriminating the CS+ from the CS-. However, results here were in 
the opposite direction to that normally expected with subjects defecat- 
ina significantly less boli during the CS- than the CSt+. It is generally 


assumed that the number of boli rats defecate is in direct proportion 


ved 2Hy, satel vind bf 
thee, Pe faved NF, row i> os bhnetie Jon Sere: } 
+18 querh: ee sag at Lijuaenle ii toa ete 
ssnafa Minna fevitse ts aeravad funy (toa-sntn gouged berugoe teats 4 
hepa Wiuy) sant) pe psa sag spc ahie sities grt) a 26 nny 2) kee ; 
wae of You wredt>, tivow satte Al | 


4 } A e | | fs) aL egts a, a 26 heaghy, : 
aun ef avin! $e ows, boelzen ti) pt tinea bahia | . 


a Temtse -tgdome’ at node, 2) re Per Garhs 7 Soa <i teas 

‘@) serhuse Aohereem NIG O) OL, 3) apese TA ginade apad eas erie erat 

we! von statin? nobel? 2, fpecoer ehh 4) ane eto? a cltevall 

vengity +o ene eet eel? oe) otiy a wae Faron $6. aap ats anwar 

in 

sdf zd lox -anlg. off) ne idee ae rb Phin aymdy wese nl gtenld 
wheres eel ere vet natn “Ut Apetle el Ralive 249 Yo! vaso tpeng/ 

osothong and 9% bens Nitign wk. ane piesa eulunr te agente 
sfutzeod ompee srotetedd SF vowharaa ot vy Spam i nd ‘sealants Ne a 
*O lvel-s eit Oh Saded Ita ae HG fir uN rw 

Togo ae Sond win 
= : 25 ma - ave 
8) Soaes fon s7aetdpe tage y seit — 
| - . se) al oh Gren _—. 
nt oyow weg Mare sce Pig’ ie J tr) ¥ ket 

Janston ak | 
mae oH lan roe cod 


VE Tevormp. aust Tats $3 : 
! 7 ; , i i 7 7 q a, > 5 iz 
ae | ca von 


ae Sg 


( im 


7 ‘ 


28 
to the aversiveness of the situation they are in and their resultant 
anxiety level (e.q., Hall, 1938). However, this viewpoint has not 
remained unchallenaed. After an extensive series of studies attempt- 
ina to equate "emotionality" and anxiety with defecatory reactivity, 
Tobach and Schneirla (1962) conclude that "reactivity is likely to 
increase or decrease accordino to the nature of the disturbing situation 
and according to the given individual's develonmental history ..." 
(0.229). Further, the present experiment is rather atypical of most 
Studies dealina with eliminative responses in that subjects were water 
deprived. This may have created a certain physiological state that 
resulted in an inverse stress-defecation relationship. Another variable 
to note is that the measure used was number of boli defecated which may 
not necessarily correlate with total amount of faecal matter defecated. 
It is feasible that larger boli could have been excreted during the 
high stress CS+ sessions, such that, while number of boli decreased, 
total amount of faecal matter defecated could have remained steady or 
even increased. 

As with grooming, the defecation measure also revealed significant 
group differences with Group 2 defecatino siqnificantly less boli than 
Group 1. On the basis of our previous reasonina for the CS+ versus 
CS- difference, in which it was speculated that there may have been an 
inverse stress-defecation relationship, we miaht conclude that Group 2 
experienced greater overall stress than Group 1 throughout training. 
This, however, seems rather difficult to explain, and a more reasonable 
explanation might be to interpret the difference on the basis of 
differential level of conditioning between aroups. As previously 


discussed, the aroomina measure suggests such a difference with Group 
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2 demonstrating better conditioning. In the present case, for the 
group difference to reflect better conditionina by Group 2, we would 
have to hypothesize two separate stress-defecation relationships. An 
inverse relationship would exist durina CS+ sessions such that the 
better conditioned Group 2 would experience areater stress resulting 
in less boli. A direct relationship would exist during CS- sessions 
such that the better conditioned Group 2 would experience less stress 
again resultina in less boli. Given the conclusion of Tobach and 
Schneirla that the stress-defecation relationship is by no means clear- 
cut, this present speculation is reasonable. In fact, if we imagine 
the stress-defecation relationship in the present experiment to be an 
inverted U-shaped function, then it is quite possible to derive the 
present group difference as well as to incorporate the inverse rela- 
tionshio found for the CS+ versus CS- treatments within subjects. 
Figure 3 depicts the situation where both arouns defecate less durina 
the CS+ than the CS-, in which Group 2 defecates less than Group 1 
durina the CS+, and in which Groun 2 also defecates less than Group 1 
during the CS-. In summary, the argument beina made here is that the 
aroun difference for rate of defecation, as with arooming rate, may be 
indicative of between aroup differences in level of conditioning. This 
conclusion is speculative but it is imoortant insofar as it has relevance 
for the discussion of some aroun differences found in the test results. 
Test Phase 

In general, the test results did not support the main hypothesis 
that the T+ target would be attacked siqnificantly more often than 
T- taraet. However, some tendencies in the predicted direction were 


noted, and these will now be discussed and interpreted. 
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One result that tended to support the hypothesis, though signi- 
ficant levels were not reached, was the Taraet x Session X Half-session 
interaction. For the first half of the first session, frequency of 
attacks to T+ exceeded that to T- to near sianificant levels, n¥.10. 
It had been previously conjectured that, if differential attacking did 
occur, it might extinquish early within the test session. The present 
results supnort this contention, and there are a number of possible 
exnlanations as to why, if this was the case, sianificant results were 
Still not attained. First, scent conditionina was not optimal as 
indicated by the failure of subjects to resume drinkina in the presence 
of the CS- by the end of the training phase. This problem may have 
been further comnounded by the fact that scent presentations of the 
test phase were by no means identical to the scent presentations of 
the training phase. During the test phase, the vineaar and pine-sol 
smells were confounded with the inherent smell of the targets to which 
they were apnlied. We may assume that, at best, conditionina was at 
least somewhat attenuated by the necessity of subjects to aeneralize 
their training experience to the confounded test situation. Another 
problem was the fact that shock intensity seemed somewhat attenuated 
durina the first day of testing. If shock problems had not been en- 
countered, attack frequency may have been higher for the first session, 
and any tendency to differentially attack the targets miaht have become 
more clearly apparent. 

Another findina of interest was that for Group 2 there was a 
significant Target x Linear interaction consistina of a decrease in 
attacks to T+ concomitant with an increase in attacks to T- across 


sessions. In the discussion of the trainina phase, the argument was 
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32 
presented that the aroun differences found for the aroomina and 
defecation measures may have been due to better conditionina by Group 
2 than Group 1. This possibility lends additional credibility to the 
notion that the nresent interaction was the result of previous scent 
conditioning insofar as it was demonstrated by Groun 2 only. However, 
the interaction in and of itself is not so easily interpreted. It may 
be that subjects initially tended to attack the T+ because of its 
Scent association with the UCS, but as testina proceeded and the shock 
continued unabated, contact with the T+ was avoided instead. 

In other words, when agaression proved unsuccessful in removina 
the painful stimulation, the alternative tendency to escape, or at least 
to avoid the T+ may have become predominant. It may be that, qiven a 
Situation where aaqression results in no positive outcome, a tactical 
Switch to escane or avoidance of an aversive taraet may be an adaptive 
response tendency in terms of natural survival. It should also be noted 
that escape behavior can effectively compete with and attenuate the 
frequency of shock-induced agaression (e.g., Azrin, Hutchinson, & Hake, 
1967). However, how can the concomitant increase in attacks to T- be 
accounted for? A possible answer is that one function of shock-induced 
agaression may be to at least partially relieve increasing levels of 
pain-induced stress. Thus, if attacks to T+ are inhibited, stress will 
not be relieved, and aaagression to the alternative target, T-, will 
be more likely, assumina a direct relationship between level of stress 
and probability of attack. That pain-induced stress may be reduced 
by aggression is supnorted by the research of Weiss, et.al. (1967). 
They found that rats given the opportunity to aagress in a shock situa- 


tion were less likely to develop stress-related gastric lesions than 
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33 
rats not given such opportunity. 

In summary, the above discussion leads to the conclusion that® at 
least in the early part of the testina phase, the subjects, particular- 
ly those of Group 2, may have been attackina the T+ taraet on the basis 
of its scent association with prior shock stimulation. Perhaps further 
experimentation with reliable and optimal shock intensity throughout 
testing, as well as perhaps a somewhat modified desian to optimize the 
level of conditioned discriminability between the targets, would result 
in a more adequate test of the hypothesis. 

The present experiment also tested two minor hypotheses of an 
empirical nature. The first of these, that rats will attack inanimate 
taraets, was well-supported by the present experiment. During testina, 
15 of the 18 subjects exhibited attack behavior to such taraets. In 
addition, reliability data indicated near 70% aareement between two 
observers as to the occurrence of such attacks, which is a fair, if 
not optimal, level of aareement. 

As previously mentioned, Ulrich and Azrin (1962) concluded that 
rats will not attack inanimate tarcets, the result beina that most 
Studies since that time have employed live taraets. However, a re- 
examination of their article reveals that they used the Holtzman Spraque- 
Dawley strain because these rats are relatively docile. Assuming that 
it was this docile strain they employed while testina for aqaression 
to inanimate taraets (this is implied, though not explicitly stated, 
in their article), the docility factor may have accounted for their 
results. The present study employed the Lona-Evans hooded strain 
which are noted for relatively high activity and aggressiveness. It 


seems possible therefore that the results attained in this study may 
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be applicable to this strain or other similarly acaressive strains, 
and that similar results would not be attained with any of the more 
passive strains. A study directly comparina docile versus agaressive 
strains would be necessary before any solid conclusions could be 
drawn. 

The other major hypothesis tested was that, given inanimate targets, 
Subjects would exhibit a decreasing rate of attack across sessions. 

This hypothesis was also confirmed with such a tendency being signifi- 
cantly exhibited across the last three test sessions. This result, alona 
with similar results from pilot data, also tends to confirm the notion 
that UCS intensity was somewhat attentuated during the first day of 
testing, and that the relatively low rate of attack exhibited on that 

day should be attributed to that attenuation. 

It has been aenerally conceded that one characteristic of shock- 
induced aqaression is its persistence across sessions (e.g., Ulrich & 
Azrin, 1962; Ulrich & Craine, 1964). On the basis of the present result, 
ijt appears that this persistence may be due more to the reactivity of 
the live taraet than to shock itself. With a reactive target, once 
shock has induced some attack behavior such behavior is perhaps more 
likely to be maintained insofar as each rat will view its opponent as 
a potential attacker. Meyer (1969) suagests that aversive stimulation 
is likely to motivate rats to enaaae in behaviors toward which they 
are so predisposed in a aiven situation. Two live rats in a smal] 
chamber are most likely to be predisposed to engage in aaonistic 
behaviors. We could expand this supposition somewhat by suggesting that 
once rats have attacked each other they will be even more predisposed 


to enaaae in such behaviors. Thus, given a reactive adversary, a high 
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30 
rate of attack can be maintained across successive sessions. With 
inanimate targets, however, the subject may not only have less of an 
initial predisposition to attack such a target, as opposed to a live 
active one, but the inanimate tarcet will also not retaliate thereby 
not providina any basis for the maintenance of the aaonistic predis- 
position. 

Of course, another possible explanation would be that live targets 
are in some manner reinforcing to attack desnite the nossibility of 
aversive retaliation from such taroets. Insofar as attacks function 
as a means of destroying, removing, or establishina dominance over a 
taraet, it seems reasonable that a taraet which does not provide any 
reactive feedback would most likely be a dead or defeated taraet. 
Since it would be highly inefficient for animals to continue attacks 
toward such taraets, the reactivity of a taraet to an attack may be 
an inherently necessary reinforcer or cue for the maintenance of such 
attacks. For example, Barnett (1963, p.90) suagests that target 
movement is an important stimulus condition for the maintenance of 
attack in naturally-occurring agonistic encounters between wild rats. 
A comparative study utilizina targets which varied in reactivity 
to shock-induced attack would provide some indication as to the 


validity of this hynothesis for shock-induced agaression. 
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APPENDIX 1 
ANALYSIS OF VARIANCE SUMMARY TABLE FOR TRAINING PHASE 


RATE OF DEFECATION 


Source df MS E pé 
Group (G) ] 55.011 9.45 no 
Error, 16 Saye 

CS treatment (CS) ] 52.57 8.29 .005 
Session (S) 3 5.23 ] ns 
Gx0GS ] Als ] ns 
Gaxes z 7.54 Heals) ns 
CSxXeS 3 Coney, Zo ns 
Gare CS*x 75 S 4.29 ] ns 


Error, Liz 6234 
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APPENDIX 2A 
ANALYSIS OF VARIANCE SUMMARY TABLE FOR TEST PHASE 
RATE OF ATTACK 


(data transformed 1/x+1) 


Source df MS. i ps 
Groun (CG) ] .09 ] ns 
Error, 12 hes 
Taraet (T) ] .05 ] ns 
Session (S) 3 te! 2.55 10 
Half-Session (H) ] .02 1 ns 
GaxT ] .08 1245 ns 
Ga ¥ .04 ] ns 
Gat ] 0) ] ns 
ees) 5 207 eal ns 
oan ] 14 Dias ns 
SeoH 3 205 ] ns 
Ca dn es 3 ps 2530 0 
GX. T XH ] 04 ] ns 
Ce Saas S ss ] ns 
PUSS Seas 3 705 ] ns 
Gare Sokal 3 B05 ] ns 
180 .06 
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APPENDIX 2B 


SUMMARY TABLES FOR TEST PHASE SESSION EFFECT 
(data transformed 1/x+1) 


Trend Analysis for all Four Sessions 


Source df MS F pé 
Linear ] 03 ] ns 
Ouadratic ] 209 7.09 01 
Cubic ] as ] ns 
Enon 180 06 


Session Main Effect after Re-analysis with Last Three Sessions Only 


Source cts MS: ‘ie ps 
Session 2 19 3.46 £05 
Error Ve2 “26 


Trend Analysis for Last Three Sessions Only 


Source df MS ie ns 
Linear ] ie 5.04 025 
Nuadratic ] eG Toe? ns 


Error, 136 06 
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APPENDIX 2C 


SUMMARY TABLES FOR TEST PHASE GROUP x TARGET x SESSION INTERACTION 
(data transformed 1/x+1) 


Target x Session Interaction Within each Group using F-tests for 
Simple Effects 


Source df MS iE x. 

Group 1: Target x Session Si .04 ] ns 

Group 2: Target x Session 3 ahs eathe 305 
Sr aele 180 06 


Trend Analysis of Target x Session Interaction for Group 2 


Source Gh MS: ie ps 
Target x Linear ] 368) 6.40 2025 
Target x Quadratic | .04 ] ns 


Error 180 .06 
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